Abstract Our subject T, who appeared to be a suitable candidate for an assessment of the effects of oligosaccharides, was administrated fructooligosaccharide (FOS) or lactulose and his symptoms, fecal microflora, and composition of rectal gas were investigated. The subject experienced no symptoms in the gut at low dose of FOS. At high dose of FOS, tympanites was observed in the ascending and the transverse colon. By lactulose administration, there were no tympanites, but frequent defecation, rectal gas and loose stool were noted. The number and occupation percentage of fecal bifidobacteria increased by higher doses of FOS (109.1 to 1010.8, 2.9 to 66.2%) and lactulose (108.7 to 1010.5, 0.5 to 25.2%). The composition of rectal gas varied even among samples collected in succession and no clear relationship was observed between the composition of gas and dose. Based on these results, the course of tympanites is discussed.
Since Petuely recognized that lactulose proliferated bifidobacteria in vivo in 1957 (9, 10) , the indigestible and unabsorbable oligosaccharides that are available to bifidobacteria in the colon have attracted attention as useful substances for maintenance of good health and treatment of some diseases in humans. In studies of sugar sources for bifidobacteria, Yazawa et al. (14, 15) demonstrated in 1978 that DP4 (DP=degree of polymerization) to DP25 saccharides obtained from acidhydrolyzed inulin were selectively utilized by Bifidobacterium infantis. Hidaka et al (4) succeeded in producing a short-chain inulin, designated fructooligosaccharide (FOS), which is composed of 1-kestose (DP3), nystose (DP4) and 1 F-b-fructofuranosylnystose (DP5), prepared from sucrose by the action of b-fructofuranosidase on an industrial scale. FOS has been commercially available as an edible bifidobacteria-activating compound since 1983.
Our subject T presented problems associated with abnormal intestinal fermentation that were accompanied by a decrease in bifidobacteria. His bifidobacteria increased from 0.6% to 40% of the total fecal microflora after he had taken lactulose or raffinose plus vitamin B2 and pantethine in an enteric coated capsule for 10 days (13) . Since FOS became available, his abnormal fermentation has been normalized by ingestion of FOS (Meioligo(R) G syrup; Meiji Seika Kaisha, Ltd., Tokyo).
Recently, T developed uncomfortable tympanites in the transverse colon as a result of too high a dose of FOS. When T stopped ingesting FOS syrup, his tympanites disappeared. However, within a week his stool developed a foul smell, so he started to take 3-5 g / day of FOS again. With this low dose, tympanites was not a problem and his stool had a normal odor.
It is known that there are two possible pathways for the formation of colonic gas from indigestible saccharides (17) . In one pathway, H2, CO2 and/or methane are produced directly from the saccharides by bacterial fermentation, and in the other pathway CO2 is formed by the reaction of secreted bicarbonate with organic acids produced by intestinal bacteria from the saccharides. Earlier studies of the production of gas from FOS (11) did not consider changes in the fecal flora, as they relate to the occurrence of tympanites, that follow ingestion of FOS. Thus, contribution of the two pathways to the formation of gas has not been assessed. Therefore, we carried out the present study to make clear the relationship among intestinal condition, fecal flora and rectal gas. Furthermore, we tried to elucidate the mechanism responsible for development of tympanites due to administration of oligosaccharides. (12) .
MATERIALS AND METHODS

RESULTS
Preliminary Survey of Human Intestinal Bacteria That Produce Gas from Oligosaccharides in Vitro Among human intestinal bacteria tested in this survey, strains of Clostridium spp., Lactobacillus spp., Fusobacterium spp. and Klebsiella spp. produced gas from oligosaccharides in vitro, as shown in Table 2 . Strains of Bacteroides spp., the predominant bacteria in the human intestine, produced gas from glucose but not from both tested oligosaccharides. In total, among 62 tested strains, only 6 strains produced gas from FOS and 11 strains produced gas from lactulose, while 25 strains produced gas from glucose. All strains of Veillonella spp. and Megasphaera spp. produced large amounts of gas from lactic acid even without a source of sugar.
Administration of FOS and Lactulose Administration of Lactulose: The subject interrupted the intake of L-FOS, which he had been taking for 7 months, for 10 days before the lactulose-administration study, as shown in Fig. 1-b. A considerable difference from the results of ingestion of FOS was observed when H-LAC was administrated; no tympanites occurred in the ascending and the transverse colon. However, frequent defecation, rectal gas and loose stool became a problem.
Fecal Flora
The results are shown in Table 3 . After the FOS-administration period (stools 1, 3, 4 and 8), the number of fecal Bifidobacterium spp. increased, in particular after administration of H-FOS. After the lactulose-administration period (stools 6 and 7), the number of Bifidobacterium spp. increased similarly. Lecithinasepositive clostridia (mainly Clostridium perfringens), which had been detected in the absence of administration of oligosaccharides, were not detected after the FOSadministration period, while they were still detected after the L-LAC-administration period. However, they disappeared after the H-LAC-administration (stool 7). No significant changes were observed in other fecal bacteria at the genus level with the exception that Veillonella spp. was detected in the case of H-FOS administration while Megasphaera spp. was detected in the case of H-LAC administration.
Composition of Rectal Gas
The results are shown in Fig. 2 . All samples of rectal gas analyzed contained O 2, N2, and CO2. Among these gases, the N2 contents in gas samples 3 and 4, which were collected in succession with an interval of 12 hr, were different from one another. The CO2 contents of gas samples 8 and 9 and those of gas samples 10 and 11 were also different. There were no differences in composition of rectal gas between administration of H-FOS (gas samples 3, 4, 10 and 11) and H-LAC (gas samples 7, 8 and 9). H2 contents varied from negligible to 56%, indicating that FOS and lactulose might be the source of H2.
4. SCFA in Stool SCFA in stool in the FOS-administration period (stools 1-4) were analyzed. Approximately 4-9 mg of SCFA were found per g of stool. More than 50% of SCFA was acetic acid and the remainder consisted of propionic, butyric, valeric, caproic, isovaleric and isobutyric acid. The levels of lactic acid ranged from 0.3-1.0 mg per g of stool. There was no clear relationship between the dosage of FOS and SCFA contents except for a tendency towards a higher percentage of acetic acid with a higher dosage of FOS.
H2S in Stool
The amount of H2S in stool tended to be reduced by administration of FOS, as shown in Table 3 . However, such a reduction was not observed during administration of lactulose.
DISCUSSION
As indicated in Fig. 1 and Table 3 , the subject became troubled by abnormal Table 3 . Changes in fecal flora and hydrogen sulfide in stool after the administration of oligosaccharides intestinal fermentation with an accompanying marked decrease in fecal bifidobacteria within a week of ceasing to take FOS. Thus, this subject appeared to be a suitable candidate for an assessment of the effects of oligosaccharides as bifidobacteria-activating factors. His intestinal conditions returned to normal within 10 days of daily ingestion of 6.2 g FOS or 6.3 g lactulose and his fecal bifidobacteria increased to more than 17% of the fecal flora. Therefore, it appears to take several days for reconstitution of the intestinal flora with a nutritional change for microorganisms in the colon. On the contrary, tympanites occurred and spread within a day with an increase of dose of FOS, which suggests the gas production is directly related to the concentration of intestinal FOS. However, corresponding doses of LAC did not produce tympanites in spite of similar figure of the fecal flora with predominant bifidobacteria. Moreover, there were no differences in composition of rectal gas between administration of H-FOS and H-LAC. These findings suggest that data of the fecal flora and composition of rectal gas are not sufficient to explain the events that occur in the upper colon. However, we can try to explain the results by making some speculations.
The fact that the contents of gas samples 3 and 4, which were collected in succession, were very different, as shown in Fig. 2 , indicates that gas moves as bubbles separated by intestinal contents within the colon. The large difference in N2 contents of the samples indicates that most rectal N2 gas may not have diffused from the blood stream but may be derived from swallowed air. Rectal O2 gas may also be derived from swallowed air. However, O2 is consumed by gastrointestinal aerobic bacteria and mucosal cells, so the O2 content of rectal gas is very low. Figure 2 shows that both H-FOS and H-LAC caused production of H2 in the colon. As shown in Table 2 , some strains of Fusobacterium spp. and Clostridium spp. produced gas from FOS, lactulose, and glucose. So it seems likely that they might be the main H2-producing bacteria, generating H2 gas directly from these saccharides. Some of the CO2 gas may be produced in the same way. However, the fact that tympanites occurred more frequently with administration of FOS than with administration of lactulose suggests that there might be an alternative route for gas production since lactulose is more easily utilized by gas-producing intestinal bacteria than FOS, as shown in Table 2 .
As indicated in Fig. 1 , the tympanites caused by administration of FOS occurred in the upper colon and it never occurred in the lower colon at a dosage of 18.6 g/ day. Furthermore, administration of 24.8 g/day of FOS was necessary before tympanites occurred in the lower colon. These results suggest that the gas that causes tympanites must disappear easily from the lumen. CO2 gas is very soluble in water and, thus, can be absorbed into the blood stream more rapidly than H2, O 2 and N2 in the colon (16) . Thus, it appears that CO2 gas is the main cause of tympanites (Fig. 3) .
Bifidobacteria and other fecal bacteria produce large amounts of organic acids when FOS or lactulose is supplied. These acids are neutralized by the bicarbonate Fig. 3 . Exchange of gases between the lung and the large intestine through the blood stream.
[38mmol/l in ileal effluent (16) ] that is included in the intestinal contents to produce CO2 gas. Hundreds of milliliters per day of CO2 gas can be produced via this route, as calculated from the data described previously (16) . The numbers of gasproducing bacteria, such as Clostridium spp. and Fusobacterium spp., after administration of H-FOS were lower than after administration of H-LAC and the percentage of Bifidobacterium spp. in fecal flora after administration of H-FOS was larger than after administration of H-LAC (Table 3) . These results suggest that FOS causes proliferation of Bifidobacterium spp. in a more selective manner than does lactulose in vivo. In the case of administration of FOS, it appears that Bifidobacterium spp. produces acids activity in the upper to middle colon at a dosage of 18.6 g/day and in the entire colon at a dosage of 24.8g/day, and that tympanites is caused by the mechanism described above. Tympanites was not caused by administration of lactulose at a dosage equivalent to that of FOS. Production of lactic acid and acetic acid by Bifidobacterium spp. was not sufficient to cause frequent tympanites when H-LAC was administrated.
Our hypothesis suggests the possibility that the volume of CO2 gas produced in the upper colon is much larger than could be estimated from the composition of rectal gas. This hypothesis also contradicts the common explanation of tympanites associated with the ingestion of indigestible carbohydrates such as lactulose, raffinose and stachyose. It is commonly believed that such tympanites is caused by H2 and CO2 gas that is produced directly from these saccharides by intestinal bacterial fermentation. However, our hypothesis is based on data from only one subject and tympanites may depend on individual intestinal conditions. Therefore, similar experiments with many subjects are now necessary if we are to prove our hypothesis. Furthermore, it is desired that the techniques will be developed for accurate and safe analysis of the flora and gas contents of the regions where tympanites occurs.
In conclusion, oligosaccharides such as FOS are great benefit to persons such as the subject of this study who have low levels of Bifidobacterium spp. and are troubled by abnormal fermentation in the intestine with stiffness in the shoulders and a headache. The latter symptoms may perhaps be due to chronic poisoning by H2S (2) since, like to CO2, H2S gas dissolves easily in water and is absorbed in the colon. However, suitable doses of FOS, depending on the individual, must be chosen because excessive ingestion of FOS causes undesirable symptoms, such as tympanites.
